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DRIVERS TO POWER LED ZONES

BACKGROUND

[0001] Electronic devices such as televisions, notebooks,
laptops, desktops, tablets, smartphones, and mobile devices
are equipped with electronic displays. The electronic dis-
plays display images, such as documents, pictures, and
videos, for viewing. Because of the variety of images that
may be displayed, an electronic display should have a high
rendering quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Various examples will be described below referring
to the following figures:

[0003] FIG. 1 is a schematic diagram of an electronic
device for driving, in an alternating fashion, light-emitting
diodes (LEDs) arranged into zones, in accordance with
various examples;

[0004] FIG. 2 is a timing diagram of a system for driving,
in an alternating fashion, LEDs arranged into zones, in
accordance with various examples;

[0005] FIG. 3 is a timing diagram of a system for driving,
in an alternating fashion, LEDs arranged into zones, in
accordance with various examples;

[0006] FIG. 4 is a schematic diagram of an electronic
device for driving, in an alternating fashion, LEDs arranged
into zones, in accordance with various examples;

[0007] FIG. 5 is a schematic diagram of an electronic
device for driving, in an alternating fashion, LEDs arranged
into zones, in accordance with various examples;

[0008] FIGS. 6a, 65, and 6¢ are timing diagrams of a
system for driving, in an alternating fashion, LEDs arranged
into zones, in accordance with various examples; and
[0009] FIG. 7 is a flow diagram of a method for driving,
in an alternating fashion, LEDs arranged into zones, in
accordance with various examples.

DETAILED DESCRIPTION

[0010] A method of achieving high performance utilizes
local dimming of a liquid crystal display (LCD) having a
light emitting diode (LED) backlight. Local dimming allows
areas of LEDs of the LCD to be dimmed while keeping other
areas of LEDs bright. The contrast between the dim and light
areas of LEDs results in a higher quality image. To achieve
higher levels of performance, the LEDs may be arranged
into zones with each zone having a separate driver. How-
ever, when each zone has a separate driver, an amount of
circuitry within the electronic device increases. The increase
in the amount of circuitry results in a larger amount of space
to accommodate the circuitry within the electronic device.
The larger amount of space within the electronic device may
result in a larger electronic device. In some instances, the
thickness of the electronic display may increase. In other
instances, a length, a width, or a combination of both may
increase, though a viewing area of the electronic display
may remain the same. The larger electronic device may not
appeal to a consumer base. Additionally, the increase in
circuitry and space increases the cost of the electronic
device.

[0011] This disclosure describes various examples of an
electronic device having a driver to provide, in an alternating
fashion, a level of power to LEDs arranged into zones.
Having a driver to provide the level of power to multiple
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zones reduces the number of drivers, saving circuitry and
space within the electronic device while maintaining a high
level of performance. The level of power causes the LEDs
to emit light. In some examples, the level of power may be
referred to in terms of a voltage. In other examples, the level
of power may be referred to in terms of a current. The driver
is an electronic circuit or component that provides the level
of power in an alternating fashion by switching the level of
power between the zones in a sequential manner. For
example, the driver may provide the level of power to a first
zone and then switch zones to provide the level of power to
a second zone. In another example, the driver may provide
the level of power simultaneously to a first zone and a
second zone and then switch zones to provide the level of
power simultaneously to a third zone and a fourth zone. In
yet another example, the driver may provide the level of
power simultaneously to a first zone and a third zone and
then switch zones to provide the level of power to a second
zone and a fourth zone.

[0012] The driving of the zones alternates in an image
scan direction. The image scan direction may be vertical,
flowing from a top of the display to a bottom of the display
or from the bottom of the display to the top of the display,
or it may be horizontal, flowing from a left of the display to
a right of the display or from the right of the display to the
left of the display. For example, if the image scan direction
is vertical, flowing from a top of the display to a bottom of
the display, and a first zone is closest to the top of the
display, a third zone is closest to the bottom of the display,
and a second zone is located between the first and third
zones, then the driver provides the level of power to the first
zone, then provides the level of power to the second zone,
and then provides the level of power to the third zone. The
driver provides the level of power to each zone for a time
period of a time frame, where a duration of the time frame
equals the inverse of an image refresh rate. The image
refresh rate is the number of times an image refreshes, or is
redrawn, per second. The image refresh rate may be a setting
of the electronic device determined by a user or set during
manufacture, for example. A duration of the time period is
based on a multiplier that is equivalent to the number of
zones.

[0013] The driver provides the level of power to each zone
to produce an enhanced brightness, where the enhanced
brightness is an amplification of an original brightness. The
amplification, or enhanced brightness, is based on the mul-
tiplier that is equivalent to the number of zones. The
“original brightness” is a measured brightness when mul-
tiple drivers provide the level of power to all LEDs of the
multiple zones simultaneously to display an image for the
time frame. For example, if the LEDs are arranged in two
zones, then each zone couples to a different driver and the
original brightness of each zone is measured. A first zone
may have a first original brightness and a second zone may
have a second original brightness, in some examples. In
other examples, the first and second zones may have a same
original brightness. A measurement of the enhanced bright-
ness of a zone of multiple zones of LEDs driven by a single
driver providing the level of power in an alternating fashion
to display the image should be an amplification of the
measured original brightness of that zone. Continuing the
previous example of LEDs arranged in two zones, if an
original brightness of a first zone is 250 nits, then an
enhanced brightness when a driver drives the first zone of
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the two zones may be 500 nits. If an original brightness of
a second zone is 300 nits, then an enhance brightness when
a driver drives the second zone of the two zones may be 600
nits, for example.

[0014] The driver provides the level of power to each
zone, in an alternating fashion and in the image scan
direction, to deliver the enhanced brightness for substan-
tially equal time periods of the time frame. See discussion
below with respect to FIG. 2 for an example. By utilizing the
driver to provide the level of power to deliver an enhanced
brightness in an alternating fashion to LEDs arranged into
zones, the high performance of the electronic device is
maintained while reducing the number of drivers coupled to
the LEDs, thus reducing the cost of manufacture. Continuing
the previous example of LEDs arranged in two zones, a
number of drivers is reduced by half (i.e. from two to one),
for example.

[0015] In one example in accordance with the present
disclosure, an electronic device is provided. The electronic
device comprises a plurality of LEDs arranged into first and
second zones and a driver coupled to the LEDs in the first
and second zones, the driver to alternatingly, in an image
scan direction, provide a level of power to the LEDs in the
first zone and to the LEDs in the second zone.

[0016] In another example in accordance with the present
disclosure, a method is provided. The method comprises
providing by a driver, during a first time period, a first level
of power to LEDs in a first zone and a second level of power
to LEDs in a second zone, the second level of power
different than the first level of power; and providing by the
driver, during a second time period, the second level of
power to the LEDs in the first zone and the first level of
power to the LEDs in the second zone.

[0017] In yet another example in accordance with the
present disclosure, an electronic display is provided. The
electronic display comprises a plurality of LEDs arranged in
multiple zones; a switch coupled to the multiple zones; a
driver coupled to the switch; a processor coupled to the
driver; and a storage device coupled to the processor. The
storage device comprises machine-readable instructions
which, when executed, cause the processor to cause the
driver to adjust the switch to access a first zone of the
multiple zones; cause the driver to provide a level of power
to the first zone during a first time period; cause the driver
to adjust the switch to access a second zone of the multiple
zones and to stop access to the first zone; and cause the
driver to provide the level of power to the second zone
during a second time period.

[0018] FIG. 1 is a schematic diagram of an electronic
device 100 for driving, in an alternating fashion, light-
emitting diodes (LEDs) arranged into zones 104, 106, in
accordance with various examples. The electronic device
100 comprises an electronic display 102 coupled to a
processor 114. The electronic device 100 may be an elec-
tronic device such as a desktop, a laptop, a notebook, a
tablet, a smartphone, a mobile device, a television, or some
other electronic device utilizing an electronic display, for
example. The electronic display 102 comprises LEDs 108
arranged into zones 104, 106 and a driver 112 coupled to a
switch 110. The electronic display 102 may be a liquid
crystal display (LCD) with an LED backlight, for example.
The driver 112 is an electronic circuit or component that
provides the level of power in an alternating fashion by
switching the level of power between the zones in a sequen-

Mar. 23, 2023

tial manner. The driver 112 may be a transistor or an
integrated circuit comprising multiple transistors, for
example. The processor 114 is coupled to a storage device
116. The processor 114 may be a microprocessor, a micro-
controller, a microcomputer, or other suitable controller, for
example. The storage device 116 may be a hard drive, solid
state drive (SSD), flash memory, random access memory
(RAM), or other suitable memory, for example. In some
examples, the storage device 116 may store machine-read-
able instructions 118, which, when executed, cause the
processor 114 to perform some or all of the actions attributed
herein to the processor 114.

[0019] In some examples, the electronic display 102 may
be a flexible display. The term “flexible display” refers to an
electronic display that may be deformed (e.g., rolled, folded,
etc.) within a given parameter or specification (e.g., a
minimum radius of curvature) without losing electrical
function or connectivity. In various examples, the electronic
display 102 may include a light guide plate. In other
examples, the LCD may be an organic LCD (OLCD). In yet
other examples, the LEDs may be mini LEDs. In various
examples, the LEDs may be arranged into zones that are
perpendicular to the image scan direction. During manufac-
ture, the LEDs may be placed in rows and columns. A
plurality of LEDs within a row, within a column, or some
combination thereof, may be coupled to a driver. In In this
manner, the LEDs are said to be “arranged” into zones. The
image scan direction follows a gate line refresh sequence of
the LCD. A gate line enables a line of pixels of the electronic
display 102 to selectively turn on or off. When a gate line
turns on, the image displayed by the pixels of the gate line
may be refreshed. The gate line refresh sequence is the order
in which liquid crystals of the LCD are driven. The gate line
refresh sequence may be vertical, flowing from the top to the
bottom or from the bottom to the top of the electronic
display 102, or horizontal, flowing from the left to the right
or from the right to the left of the electronic display 102. If
the gate line refresh sequence is vertical, then the LEDs may
be arranged into horizontal zones, for example. In another
example, if the gate line refresh sequence is horizontal, then
the LEDs may be arranged into vertical zones. In some
examples, the gate line refresh sequence may first flow
horizontally across multiple rows of liquid crystals of the
LCD and then flow vertically to a next set of multiple rows
of liquid crystals of the LCD.

[0020] In various examples, the driver 112 may be located
outside of the electronic display 102 but within the elec-
tronic device 100. In some examples, the electronic display
102 comprises the processor 114 and the storage device 116.
Refer to the discussion below with respect to FIG. 5 for an
example.

[0021] In some examples, execution of the machine-read-
able instructions 118 may cause the processor 114 to cause
the driver 112 to provide, in an alternating fashion, a level
of power to zones 104, 106. The zones 104, 106 may be
alternately driven in an image scan direction 120. As dis-
cussed above, the image scan direction may be vertical,
flowing from the top to the bottom or from the bottom to the
top of the electronic display 102 or may be horizontal,
flowing from the left to the right or from the right to the left
of the electronic display 102. For example, the image scan
direction 120 is vertical relative to the orientation of the
electronic display 102 (e.g., base of electronic display 102 is
parallel to bottom edge of FIG. 1).
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[0022] In wvarious examples, the processor 114 may
directly couple to the switch 110. For example, execution of
the machine-readable instructions 118 may cause the pro-
cessor 114 to cause the switch 110 to enable access to the
LEDs of zone 104. Execution of the machine-readable
instructions 118 may cause the processor 114 to cause the
driver 112 to provide the level of power to the LEDs of zone
104 for a first time period. Execution of the machine-
readable instructions 118 may cause the processor 114 to
cause the switch 110 to enable access to the LEDs of zone
106. Execution of the machine-readable instructions 118
may cause the processor 114 to cause the driver 112 to
provide the level of power to the LEDs of zone 106 for a
second time period. In other examples, the processor 114
may cause the driver 112 to control the switch 110. Refer to
discussion with respect to FIG. 5, for example.

[0023] Referring now to FIG. 2, a timing diagram 200 of
a system for driving, in an alternating fashion, light-emitting
diodes (LEDs) arranged into zones is presented, in accor-
dance with various examples. The system may be the
electronic device 100, for example. The timing diagram 200
illustrates a time frame 202 during which a driver provides,
in an alternating fashion, a level of power 208 to LEDs
arranged into first and second zones. The driver may be the
driver 112, for example. The first zone may be the zone 104,
and the second zone may be the zone 106, for example. The
time frame 202 comprises first and second time periods 204,
206, respectively. The first time period 204 represents a time
period during which the driver provides the level of power
208 to the first zone. The second time period 206 represents
a time period during which the driver provides the same
level of power 208 to the second zone. A sum of a duration
of'the first time period 204 and a duration of the second time
period 206 equals a duration of the time frame 202.

[0024] As discussed above, the duration of the time frame
202 equals the inverse of an image refresh rate. For example,
if the image refresh rate is 60 hertz (Hz), then a duration of
the time frame 202 equals Yo seconds, or 0.016 seconds. As
discussed above, the duration of the time period is based on
a multiplier that is equivalent to the number of zones. The
LEDs in a zone are driven for a time period equal to a
fraction of the time frame, the fraction equal to an inverse of
the multiplier. For example, the driver of the system on
which the timing diagram 200 is based is providing the level
of power 208 to two zones, so the multiplier is 2 and each
time period is driven for ¥ of the time frame 202. Assuming
the image refresh rate is 60 Hz, the driver for the system of
the timing diagram 200 provides the level of power 208 to
each zone for a duration equal to 2 of 0.016 seconds, or
0.008 seconds. As discussed above, if the duration for each
time period is summed, then the sum equals the time frame.
For example, 0.008 secs (e.g., first time period 204) added
to 0.008 secs (e.g., second time period 206) equals 0.016
seconds (e.g., time frame 202).

[0025] As discussed above, to enhance performance, the
driver provides a level of power to each zone to provide an
enhanced brightness, where the enhanced brightness is
based on the multiplier that is equivalent to the number of
zones. For example, the driver of the system on which the
timing diagram 200 is based provides the level of power 208
to each zone so that the brightness of the zone is two times
an original brightness. The driver provides the level of
power 208 to each zone, in an alternating fashion, to deliver
the enhanced brightness for equal durations of the time
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frame. For example, the driver of the system on which the
timing diagram 200 is based provides the level of power 208
to the first zone to deliver twice the original brightness
during the first half of the time frame 202 and then to the
second zone to deliver twice the original brightness during
the second half of the time frame 202. By utilizing the driver
to provide the level of power to deliver an enhanced bright-
ness in an alternating fashion to LEDs arranged into zones,
the performance of the electronic device is maintained while
reducing a number of drivers needed to provide power, thus
reducing a size and cost of manufacture of the electronic
device.

[0026] Returning to FIG. 1, in various examples, the
driver 112 may drive multiple zones. For example, if each
row of LEDs 108 in zones 104, 106 were a zone (e.g., first
row of zone 104 is a zone 104a, second row of zone 104 is
a zone 1045, first row of zone 106 is a zone 1064, second
row of zone 106 is a zone 1065), then the driver 112 may
drive the LEDs of zones 1044, 1045 in an alternating fashion
with the LEDs of zones 1064, 1065. In some examples, the
driver 112 may couple to multiple switches. For example, if
zones 104, 106 are subdivided into zones 104a, 1045, 1064,
10654, then a first switch may enable the driver 112 to provide
a level of power to the LEDs of zones 104a, 1045 and a
second switch may enable the driver 112 to provide the level
of power to the LEDs of zones 106a, 1065. The driver 112
may control the first and second switches to enable provid-
ing the level of power to the LEDs of zones 104a, 1045,
106a, 1065 in an alternating fashion in the image scan
direction 120. For example, the driver 112 may cause the
first switch to access the LEDs of zone 104a. The driver 112
may provide the level of power to the LEDs of zone 104a for
a first time period. The driver 112 may cause the first switch
to access the LEDs of zone 10454. The driver 112 may
provide the level of power to the LEDs of zone 1045 for a
second time period. The driver 112 may cause the first
switch to disable access to the LEDs of zones 104a, 1045.
The driver 112 may cause the second switch to access the
LEDs of zone 106a. The driver 112 may provide the level of
power to the LEDs of zone 1064 for a third time period. The
driver 112 may cause the second switch to access the LEDs
of'zone 1065. The driver 112 may provide the level of power
to the LEDs of zone 1065 for a fourth time period.

[0027] In various examples, the LEDs of a zone may be
subdivided into groups. The groups may be controlled by a
switch or by multiple switches. For example, each column of
zone 104 (e.g., LEDs aligned vertically) may be arranged
together. The first column of LEDs 108 of zone 104 may be
a first group, the second column of LEDs 108 of zone 104
may be a second group, the third column of LEDs 108 of
zone 104 may be a third group, and the fourth column of
LEDs 108 of zone 104 may be a fourth group. In some
examples, a switch may enable access to the LEDs of the
first, second, third, and fourth groups. In other examples, a
first switch may enable access to the LEDs of the first and
second groups, and a second switch may enable access to the
LEDs of the third and fourth groups.

[0028] In some examples, the driver 112 may provide, in
an alternating fashion in a horizontal image scan direction,
a level of power to groups of LEDs in a first zone before
providing, in an alternating fashion in the horizontal image
scan direction, the level of power to groups of LEDs in a
second zone in a horizontal image scan direction. For
example, utilizing the previous example in which zones 104,
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106 were each subdivided into first and second groups
controlled by a first switch and third and fourth groups
controlled by a second switch, execution of the machine-
readable instructions 118 may cause the processor to cause
the driver 112 to cause the switch 110 to enable access to the
LEDs of zone 104. Execution of the machine-readable
instructions 118 may cause the processor 114 to cause the
driver 112 to cause the first switch to enable access to the
first group of LEDs of zone 104. Execution of the machine-
readable instructions 118 may cause the processor 114 to
cause the driver 112 to provide a level of power to the first
group of LEDs of zone 104. Execution of the machine-
readable instructions 118 may cause the processor 114 to
cause the driver 112 to cause the first switch to enable access
to the second group of LEDs of zone 104. Execution of the
machine-readable instructions 118 may cause the processor
114 to cause the driver 112 to provide the level of power to
the second group of LEDs of zone 104.

[0029] Execution of the machine-readable instructions 118
may cause the processor 114 to cause the driver 112 to cause
the first switch to disable access to the first and second
groups of LEDs of zone 104. Execution of the machine-
readable instructions 118 may cause the processor 114 to
cause the driver 112 to cause a second switch to enable
access to the third group of LEDs of zone 104. Execution of
the machine-readable instructions 118 may cause the pro-
cessor 114 to cause the driver 112 to provide the level of
power to the third group of LEDs of zone 104. Execution of
the machine-readable instructions 118 may cause the pro-
cessor 114 to cause the driver 112 to cause the second switch
to enable access to the fourth group of LEDs of zone 104.
Execution of the machine-readable instructions 118 may
cause the processor 114 to cause the driver 112 to provide
the level of power to the fourth group of LEDs of zone 104.
Execution of the machine-readable instructions 118 may
cause the processor 114 to cause the driver 112 to cause the
switch 110 to enable access to the LEDs of zone 106.
Execution of the machine-readable instructions 118 may
cause the processor 114 to cause the driver 112 to drive
groups of LEDs of zone 106.

[0030] Invarious examples, the driver 112 may provide, in
an alternating fashion in a horizontal image scan direction,
a level of power to multiple groups of LEDs in a first zone
before providing, in an alternating fashion in the horizontal
image scan direction, the level of power to multiple groups
of LEDs in a second zone in a horizontal image scan
direction. For example, utilizing the previous example in
which zones 104, 106 were each subdivided into first and
second groups controlled by a first switch and third and
fourth groups controlled by a second switch, execution of
the machine-readable instructions 118 may cause the pro-
cessor to cause the driver 112 to cause the switch 110 to
enable access to the LEDs of zone 104. Execution of the
machine-readable instructions 118 may cause the processor
114 to cause the driver 112 to cause the first switch to enable
access to the first group of LEDs of zone 104. Execution of
the machine-readable instructions 118 may cause the pro-
cessor 114 to cause the driver 112 to cause the second switch
to enable access to the third group of LEDs of zone 104.
Execution of the machine-readable instructions 118 may
cause the processor 114 to cause the driver 112 to provide a
level of power to the first and third groups of LEDs of zone
104. Execution of the machine-readable instructions 118
may cause the processor 114 to cause the driver 112 to cause
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the first switch to enable access to the second group of LEDs
of zone 104. Execution of the machine-readable instructions
118 may cause the processor 114 to cause the driver 112 to
cause the second switch to enable access to the fourth group
of LEDs of zone 104. Execution of the machine-readable
instructions 118 may cause the processor 114 to cause the
driver 112 to provide the level of power to the second and
fourth groups of LEDs of zone 104. Execution of the
machine-readable instructions 118 may cause the processor
114 to cause the driver 112 to cause the switch 110 to enable
access to the LEDs of zone 106. Execution of the machine-
readable instructions 118 may cause the processor 114 to
cause the driver 112 to drive groups of LEDs of zone 106 in
a similar fashion to the driving of the groups of LEDs of
zone 104.

[0031] Referring now to FIG. 3, a timing diagram 300 of
a system for driving, in an alternating fashion, LEDs
arranged into zones is presented, in accordance with various
examples. The system may be the electronic device 100, for
example. The driver may be the driver 112, for example. The
first and second zones may be the zones 104, 106, for
example. The time frame 302 comprises first and second
time periods 304, 310, respectively. The first time period 304
represents a time period during which the driver provides a
level of power 316 to the first zone. The second time period
310 represents a time period during which the driver pro-
vides the level of power 316 to the second zone. The first
time period 304 is subdivided into a time period 306 (e.g.,
Time Period A) and a time period 308 (e.g., Time Period B).
The time periods 306, 308 are time periods during which the
driver provides the level of power 316 to a first group and
a second group of the first zone. A duration of each time
period 306, 308 is also referred to herein as a portion, or
fraction, of a duration of the first time period 304. A sum of
the duration of the time period 306 and the duration of the
time period 308 equals the duration of the first time period
304. The second time period 310 is subdivided into a time
period 312 (e.g., Time Period C) and a time period 314 (e.g.,
Time Period D). The time periods 312, 314 are time periods
during which the driver provides the level of power 316 to
a first group and a second group of the second zone. A
duration of each time period 312, 314 is also referred to
herein as a portion, or fraction, of a duration of the second
time period 310. A sum of a duration of the time period 312
and a duration of the time period 314 equals a duration of the
second time period 310. A sum of the durations of the time
periods 306, 308, 312, 314 equals the duration of the time
frame 302.

[0032] When a zone is subdivided into groups, a duration
of a time period for a group of a zone is based on a second
multiplier that is equivalent to the number of zones multi-
plied by the number of groups within a zone. The driver of
the system on which the timing diagram 300 is based is
providing the level of power 316 to two zones having two
groups, so the second multiplier equals four (e.g., 2 multi-
plied by 2). The LEDs in a group of a zone are driven for a
time period equal to a fraction of the time frame, the fraction
equal to an inverse of the second multiplier. A duration of
each time period 306, 308, 312, 314 equals Y of the time
frame 302. For example, assuming the image refresh rate is
60 Hz, then a duration of the time frame 302 equals 0.016
seconds, as discussed above with respect to FIG. 2, and the
driver for the system of the timing diagram 300 provides the
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level of power 316 to each group for a duration equal to %
of 0.016 seconds, or 0.004 seconds.

[0033] Referring now to FIG. 4, a schematic diagram of an
electronic device 400 is shown for driving, in an alternating
fashion, LEDs arranged into zones, in accordance with
various examples. The electronic device 400 comprises an
electronic display 402 coupled to a processor 404. The
electronic device 400 may be the electronic device 100, for
example. The electronic display 402 may be the electronic
display 102, for example. The processor 404 is coupled to a
storage device 406. The processor 404 may be the processor
114, for example. The storage device 406 may be the storage
device 116, for example. The storage device 406 may store
machine-readable instructions 408 and 410. Execution of the
machine-readable instructions 408, 410 may cause the pro-
cessor 404 to perform some or all of the actions attributed
herein to the processor 404.

[0034] In some examples, the machine-readable instruc-
tions 408, 410 may be machine-readable instructions 118,
for example. The machine-readable instructions 408, 410
may be for execution by the processor 404. The machine-
readable instructions 408, 410 may cause the processor 404
to drive, in an alternating fashion, LEDs arranged into zones.
Execution of instruction 408 may cause the processor 404 to
cause a driver (e.g., driver 112), during a first time period,
to provide a level of power to LEDs in a first zone (e.g., zone
104) and no power to LEDs in a second zone (e.g., zone
106). Execution of instruction 410 may cause the processor
404 to cause the driver, during a second time period con-
secutive with the first time period, to provide the level of
power to the LEDs in the second zone and no power to the
LEDs in the first zone.

[0035] In various examples, the processor 404 determines
the level of power based on a multiplier. As discussed above
with respect to FIG. 2, the multiplier equals the number of
zones to which the driver provides the level of power. For
example, if the driver provides power to four zones, then the
processor 404 determines the multiplier equals four. The
processor 404 may cause the driver to provide a level of
power sufficient to enhance a brightness of the LEDs in a
zone by four times. By utilizing the driver to provide the
level of power to deliver an enhanced brightness in an
alternating fashion to LEDs arranged into four zones, the
performance of the electronic device as if each of the four
zones is driven by a separate driver is maintained while
reducing a number of drivers needed to provide power by
four, thus reducing a size and cost of manufacture of the
electronic device.

[0036] In other examples, driving the first zone followed
by the second zone should match an image scan direction
412. For example, if the image scan direction is vertical from
top to bottom, then the zones should be driven vertically
from top to bottom as well. The driving occurs in an
alternating fashion. For example, if the first zone is located
closer to the top of the display than the second zone, then the
processor 404 may drive the first zone during the first time
period of the time frame and the second zone during the
second time period of the time frame and then repeat the
order for subsequent time frames.

[0037] In various examples, driving multiple zones should
match the image scan direction 412. For example, if the
image scan direction 412 is vertical from top to bottom, then
the zones should be driven vertically from top to bottom as
well. The driving occurs in an alternating fashion. For
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example, the driver provides the level of power to a first
zone and then switches to provide the level of power to a
second zone. In some examples, the driver may provide the
level of power to multiple non-sequential zones for a first
time period and then to other multiple non-sequential zones
for a second time period. For example, if the driver provides
the level of power to four zones and the first zone is located
closer to the top of the display, the fourth zone is located
closer to the bottom of the display, and the second zone and
the third zone are located sequentially in between, then the
processor 404 may drive the zones in a non-sequential
manner that flows vertically from top to bottom. The pro-
cessor 404 may provide the level of power simultaneously to
the first and third zones for the first time period and then
switch to provide the level of power simultaneously to the
second and fourth time zones during a second time period.
[0038] Reference is now briefly made to FIGS. 64, 65, and
6¢ prior to turning to FIG. 5. Referring now to FIGS. 64, 65,
and 6c, timing diagrams of a system for driving, in an
alternating fashion, LEDs arranged into zones are presented,
in accordance with various examples. The system may be
the electronic device 100, for example. The zones may be
the zones 104, 106 for example. The timing diagrams 608,
612 illustrate an LED driver of the system driving a first
zone (see FIG. 6a) and then a second zone (see FI1G. 65). The
LED driver may be the driver 112, for example. The timing
diagram of FIG. 6c¢ illustrates a time frame 614 during which
the LED driver provides, in an alternating fashion, a level of
power to the first and second zones.

[0039] FIG. 6a illustrates a timing diagram 606 for a liquid
crystal of the LCD. The timing diagram 606 illustrates a
response of the liquid crystal after a voltage is applied to
reposition the liquid crystal. The timing diagram 608 illus-
trates when the LED driver provides a level of power to an
LED associated with the liquid crystal. The LED associated
with the liquid crystal may be an LED of zone 104, for
example. During a first time period 600, the timing diagram
606 illustrates the liquid crystal repositioning in response to
the application of the voltage. During a second time period
602, the timing diagram 606 illustrates the liquid crystal is
repositioned. During the second time period 602, the LED
driver is providing the level of power to the first zone to
deliver an enhanced brightness.

[0040] FIG. 64 illustrates a timing diagram 610 for
another liquid crystal of the LCD. The timing diagram 610
illustrates a response of the another liquid crystal after a
voltage is applied to reposition the another liquid crystal.
The timing diagram 612 illustrates when the LED driver
provides the level of power to an LED associated with the
another liquid crystal. The LED associated with the another
liquid crystal may be an LED of zone 106, for example.
During the first time period 602, the timing diagram 610
illustrates the another liquid crystal repositioning in
response to the application of the voltage. During a third
time period 604, the timing diagram 610 illustrates the liquid
crystal is repositioned. During the third time period 604, the
LED driver is providing the level of power to the second
zone to deliver an enhanced brightness.

[0041] During the first time period 600, the LED driver
provides no power to either the first zone or the second zone.
During the second time period 602, the LED driver provides
the level of power to the LED of the first zone, as illustrated
by the timing diagram 608, and no power to the second zone,
as illustrated by the timing diagram 612. During the third



US 2023/0090321 Al

time period 604, the LED driver provides no power to the
first zone and the level of power to the LED of the second
zone. As discussed above with respect to FIG. 2, if'a duration
for each time period during which LEDs of zones are driven
is summed, then the sum equals a duration of the time frame.
As illustrated by FIGS. 6a, 65, and 6c¢, a duration of the
second time period 602 plus a duration of the third period
604 equals a duration of the time frame 614.

[0042] In some examples, a liquid crystal receives a volt-
age for a duration equal to a time frame. As discussed above,
a duration of the time frame equals the inverse of an image
refresh rate. For example, if the image refresh rate is 100 Hz,
then the time frame equals Yoo secs or 0.01 secs. To ensure
the liquid crystal is repositioned, the LED driver may
provide the level of power to the LED associated with the
liquid crystal during a final portion of the time frame, where
a duration of the final portion equals a fraction of the time
frame. The fraction is based on the multiplier that is equal to
the number of zones driven by the LED driver. For example,
if the LED driver drives two zones, then the fraction equals
V5. The LED driver may drive a first zone during the final
0.005 secs of the time frame during which the liquid crystal
receives the voltage.

[0043] Referring now to FIG. 5, a schematic diagram of an
electronic display 500 for alternately driving LEDs arranged
into zones is presented, in accordance with various
examples. The electronic display 500 may be the electronic
display 102, for example. The electronic display 500 com-
prises a liquid crystal display (LCD) having an LED back-
light 502 coupled to a processor 506. The LCD having an
LED backlight 502 may comprise LEDs 108 arranged into
zones 104, 106 and a driver 112 coupled to a switch 110, for
example. The processor 506 is coupled to a storage device
508. The processor 506 may be a microprocessor, a micro-
controller, a microcomputer, or other suitable controller, for
example. The storage device 508 may be a hard drive, solid
state drive (SSD), flash memory, random access memory
(RAM), or other suitable memory, for example. The storage
device 508 may store machine-readable instructions 510,
512, 514, and 516. Execution of the machine-readable
instructions 510, 512, 514, 516 may cause the processor 506
to perform some or all of the actions attributed herein to the
processor 506.

[0044] The machine-readable instructions 510, 512, 514,
516 may be the machine-readable instructions 118, for
example. The machine-readable instructions 510, 512, 514,
516 may be for execution by the processor 506. The
machine-readable instructions 510, 512, 514, 516 may cause
the processor 506 to alternately drive LEDs arranged into
zones. Execution of instruction 510 may cause the processor
506 to cause the driver 504 to adjust a switch to access a first
zone of multiple zones. Execution of instruction 512 may
cause the processor 506 to cause the driver 504 to provide
a level of power to a first zone during a first time period.
Execution of instruction 514 may cause the processor 506 to
cause the driver 504 to adjust the switch to access a second
zone of the multiple zones and to stop access to the first
zone. Execution of instruction 516 may cause the processor
506 to cause the driver 504 to provide the level of power to
the second zone during a second time period.

[0045] In various examples, the processor 506 causes the
driver 504 to provide the level of power to the first and
second zones in an image scan direction 518.
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[0046] FIG. 7 is a flow diagram of a method 700 for
alternately driving LEDs arranged into zones, in accordance
with various examples. The method 700 may be performed,
for example, by the processor 114, 404, 506. The LEDs may
be LEDs of an electronic display 102, 402, 500, for example.
The method 700 includes providing by a driver, during a first
time period, a first level of power to LEDs in a first zone and
a second level of power to LEDs in a second zone, the
second level of power different than the first level of power
(702). The driver may be the driver 112, 504, for example.
The first zone may be the zone 104, for example. The second
zone may be the zone 106, for example. The method 700
also includes providing by the driver, during a second time
period, the second level of power to LEDs in the first zone
and the first level of power to LEDs in the second zone
(704).

[0047] In some examples, the method 700 includes driv-
ing, in an alternating fashion, the first and second zones in
an image scan direction. The image scan direction may be
the image scan direction 120, 412, 518, for example.
[0048] In various examples, the method 700 includes
providing by a switch, during the first time period, access to
LEDs in the first zone. The switch may be the switch 110,
for example. The processor 114 may utilize the method 700
to cause the switch to enable access to LEDs in the first zone
and disable access to LEDs in the second zone. In another
example, the processor 114 may utilize the method 700 to
cause the driver to cause the switch to enable access to LEDs
in the first zone.

[0049] In other examples, the method 700 includes pro-
viding by the driver, during the first time period, the first
level of power to LEDs of a first set of zones and the second
level of power to LEDs of a second set of zones. The method
700 includes providing by the driver, during the second time
period, the second level of power to LEDs in the first set of
zones and the first level of power to LEDs of the second set
of zones.

[0050] In some examples, the method 700 includes pro-
viding by the driver, during the first time period, the first
level of power to subgroups of LEDs of the first zone in an
alternating fashion. For example, if the first zone comprises
two subgroups, then the method 700 includes providing by
the driver, during a first half of the first time period, the first
level of power to the first subgroup and the second level of
power to the second subgroup of the first zone and providing
by the driver, during a second half of the first time period,
the second level of power to the first subgroup and the first
level of power to the second subgroup of the first zone.
[0051] The above discussion is meant to be illustrative of
the principles and various examples of the present disclo-
sure. Numerous variations and modifications will become
apparent to those skilled in the art once the above disclosure
is fully appreciated. It is intended that the following claims
be interpreted to embrace all such variations and modifica-
tions.

[0052] In the figures, certain features and components
disclosed herein may be shown exaggerated in scale or in
somewhat schematic form, and some details of certain
elements may not be shown in the interest of clarity and
conciseness. In some of the figures, in order to improve
clarity and conciseness, a component or an aspect of a
component may be omitted.

[0053] In the above discussion and in the claims, the terms
“including” and “comprising” are used in an open-ended
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fashion, and thus should be interpreted to mean “including,
but not limited to. . . .” Also, the term “couple” or “couples”
is intended to be broad enough to encompass both indirect
and direct connections. Thus, if a first device couples to a
second device, that connection may be through a direct
connection or through an indirect connection via other
devices, components, and connections. As used herein,
including in the claims, the word “or” is used in an inclusive
manner. For example, “A or B” means any of the following:
“A” alone, “B” alone, or both “A” and “B.” In addition,
when used herein, the word “generally” or “substantially”
means within a range of plus or minus 10% of the stated
value.

What is claimed is:

1. An electronic device, comprising:

a plurality of light emitting diodes (LEDs) arranged into

first and second zones; and

a driver coupled to the LEDs in the first and second zones,

the driver to alternatingly, in an image scan direction,
provide a level of power to the LEDs in the first zone
and to the LEDs in the second zone.

2. The electronic device of claim 1, comprising a proces-
sor that is to determine a multiplier, the multiplier based on
a number of zones coupled to the driver.

3. The electronic device of claim 2, wherein the level of
power is based on the multiplier.

4. The electronic device of claim 3, wherein, during a first
time period, the driver is to provide the level of power to the
LEDs in the first zone and no power to the LEDs in the
second zone, and wherein, during a second time period
consecutive with the first time period, the driver is to provide
the level of power to the LEDs in the second zone and no
power to the LEDs in the first zone.

5. The electronic device of claim 4, wherein a duration of
the first time period is based on a number of zones having
LEDs coupled to the driver.

6. A method, comprising:

providing by a driver, during a first time period, a first

level of power to light emitting diodes (LEDs) in a first
zone and a second level of power to LEDs in a second
zone, the second level of power different than the first
level of power; and

providing by the driver, during a second time period, the

second level of power to the LEDs in the first zone and
the first level of power to the LEDs in the second zone.

7. The method of claim 6, comprising driving, by the
driver, the LEDs in the first and second zones in a direction
that matches an image scan direction.

8. The method of claim 6, comprising determining the first
level of power based on a number of LED zones to which the
driver is to provide the first level of power.
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9. The method of claim 6, wherein the first time period is
equivalent to a duration of a time frame divided by a number
of zones, the duration of the time frame based on an image
refresh rate.

10. The method of claim 9, wherein a sum of the first time
period and the second time period is equivalent to the time
frame.

11. An electronic display, comprising:

a plurality of light emitting diodes (LEDs) arranged in

multiple zones;

a switch coupled to the multiple zones;

a driver coupled to the switch;

a processor coupled to the driver; and

a storage device coupled to the processor, the storage

device comprising machine-readable instructions

which, when executed, cause the processor to:

cause the driver to adjust the switch to access a first
zone of the multiple zones;

cause the driver to provide a level of power to the first
zone during a first time period;

cause the driver to adjust the switch to access a second
zone of the multiple zones and to stop access to the
first zone; and

cause the driver to provide the level of power to the
second zone during a second time period.

12. The electronic display of claim 11, comprising:

another switch coupled to two or more groups of the

plurality of LEDs arranged in the first zone, the two or
more groups comprising at least one LED per group;
and

the driver coupled to the another switch.

13. The electronic display of claim 12, wherein execution
of'the machine-readable instructions causes the processor to:

cause the driver to adjust the another switch to access a

first group of the two or more groups;

cause the driver to provide the level of power to the first

group during a first portion of the first time period;

cause the driver to adjust the another switch to access a

second group of the two or more groups; and

cause the driver to provide the level of power to the

second group during a second portion of the first time
period.

14. The electronic display of claim 13, wherein a duration
of the first portion of the first time period is equivalent to a
duration of a time frame divided by a number of zones
divided by the number of groups in the first zone, the
duration of the time frame based on an image refresh rate.

15. The electronic display of claim 11, comprising mul-
tiple liquid crystals corresponding to the LEDs in the first
zone, wherein the driver is to provide the level of power to
the first zone after a voltage is applied to the multiple liquid
crystals to reposition the multiple liquid crystals.
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